(l9)H*BWWff (JP) 02) & §fi j£p ^ $g (A) (ii)*fttfttt£M«* 

#f!¥8 -227320 

(43)^01 H ^8^0996)9^3 0 



(5 Dint CI 8 








F I 




GO 5D 


3/12 


3 0 5 






GO 5D 


3/12 3 0 5V 


B2 5 J 


9/16 








B2 5 J 


9/16 


GO 5B 


11/36 


5 0 1 


7531 


-3H 


G0 5B 11/36 5 0 IQ 






5 0 5 


7531 


-3H 




5 0 5B 

m&m<D&5 FD C£ 10 H) 


(21)ffiS#^ 




ftKW-55189 






(71)ffl®A 


390008235 


(22)aiSB 




¥/&7*P0995)2£21B 






0j^mseiPsi?«sm*iSf®«3580# 














tarn mm 

Oj^ffi«gfPSIP«Sm^*^*3580# 














(US!*mi!5ea5Sll?*f.S^^rm«3580# 












(74) ft® A 
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(57) [Kft] 

[Sift] ift£ffi«»±T-y:7 h7o- MSjlSESrosKy 
* (Kx , Ky , Kz ) SrJIH \ E3£MfS 

^ZO ±i^*3^S* (Fx , Fy , Fz ) £>Rtf>3 0 ^ 
T^jy^S 2T% $:£>bfrlfcjj (Fx , Fy , F z ) a 

(Fx (n+1> , Fy <n+1> , Fz (n+1) ) (:tftt5 0 35 
C (F^ (n+1) , Fy (n+1) , Fz (r,+1) ) - (fx (n+1> , 
fy (n+1) , fz (n+1) ) c^L-T, Newton-Eule 

3) , Ti/(Kp Kv) ^A^Ei SrW" 

7 7°S5) , y7h7n-h tSffg $ *L 5 o 



c 



10 -t«*£ <Ki , Kr , Ki ) (F< , Fy . Fx ) tjJEjos s 1 



(F. . F, . F. ) * (Fi (ct,i . F » . F i <■♦» ) rcgfft S 2 



X 



N«wton-E«il»riltffll<T, K T i *#Jt>fi 

l 



tt«/V-^A*€ i -Tl / CKpKv) 



S 3 



34 



S 5 



( fifty ^) 



* 1 

M H * ± t? <£> M ffi * 75 * b f + * * *t 5 Stj f 5 E ffi H ^ ± 
( i = 1 , 2 • - • n ; (II, nttD*yh (Dl&W) 

( i = 1 , 2 • • • n ; fS U n a u > h £ 

-f>Kv c^^-e^bTtffiEi -Ti / (K P Kv ) 

-c * b * ^ ^ sw-gfi pt ffi m t e v - # m * 

( i = 1 , 2 • - • n ; {§. U n iio ^/ h C0«i$fc) 

^ a Sr ^ tr 4a a & ff * 5 ^ - 7k t? fc o T , 
( i = .1 , 2 • • - n : ffiU nfiinxKs/ 2r 



*SH»sp8 - 2 2 7 3 2 0 

2 

>Kv <0«T'RfeUt|iiEi =Ti / (Kp Kv ) 
[0 0 0 1 ] 

[j8*_b<OfiJJH#!ff] *JH3gWttS*fflD3Sy h (« 

Jc»fe75SK3et"6ri («T, rpngsj t»5 Q ) *s 
[0 0 0 2] 

^Sr*-f"5*-sK*^J:o-cej»StLTi^ 0 Ell 

>f >K P (7X5^ ??^-2 ^*y>r >Kv £>JS-efc 

5c *fcflF-g-3, 4li^~^^eaBB»<Ofl-efc9, 3 

[0003] asRy h ^^rtBB-^fp^sns 

P»JW^«*.TP I fM A? 4 fete I P»J»^igffl$Jx5r 
[0 0 0 4] r<??J: (PiSI»tl<iii 
^ — /^SBjS ^ s S SEK z fp] ^ o * /jr Ay b > 

[ooos] w<03R*tt?fc<o<t 9 l:iP)^lx5 0 Sn^>, 
# ft Bflfe b -f - ^ te g « fa /i> 



3 

Sfctt, mmvft roj KiE^£%;te>iv5 0 ) t<om 

[0 0 0 6) 1^— *^~*ttB*ffiB^^e«i* 

*fc (T***) S:ffl<JBKH4:/ir*. *:^":©J:54 
y-Y >K p HtfiSflf/u— ^-Y >K v SriST$"fr4 r d: 

[0 0 0 7] re5*a;*:*5^Ttt, »*. *tt#J»ffl<7? 

[0 0 0 8] loiSftHE**^ #**>*e>a> 
SSr#D3Rs/Hai (BIT, mz r#$4j ^^B9 0 ) s 

[0 0 0 9] 0»J;tli* hO*l-(RS<7>3«iiCoi^-C 

ii:oPTMDJ^4Kp' , Kv' SrKJ&-f-nr£* 
[0010] 

[00 11] ««)-&l^:*5^Ttt, — S9tfr % u 

^ B3 AE^ $ *Lfc &±X*y- — 7$%:<D^bfa£%: 

[0 0 12] Sfc, /<!/ S9J!lPX(:*5t>Tfi, ^OXlgtf) 

[oo] 3] -tdT**K*w^efi«jtt, f^*^rart«:^* 

Kx ( xd - x) = Fx 
K y ( y d — y ) = F y 



(3) »¥8-2 2 7 3 2 0 

4 

[0014] 

10 Steffi tiS*/u—^tea**trteaS:fT* 5*— 

icMJR Lfc»^«f^«^C>BfffiA*-f--5 : t "CfT^fcix 

[0015] ^U, ^^^/^^®)^^TM^T#|S60 
20 hyu^ Ti (i =1, 2 • • ■ n ;fit, nliP*y h 

Ei ti % BftlE h/L-^ 7 Ti ( i = 1 , 2 * • • n ; ffl. 

[0016] mt><Dmm&^m^z&&<Dfoz>m&iz 

tt, ^3ScoHlA^ft£«>5>n^i«5>-y-Y > 

^ifi^a^$tL4 0 ^- corses uii-^aictt— sosy 

6 0 

[001 7 ] 

M:fg ^ X "C * e> $ S: JB ^ -T 4 C t d s ffi * 5 ^ - ^ ^ 
[0018] itt^Mtl^ ( O - X Y Z ) ±XCV u t}< s/ h 

• • ■ (1) 

• • • (2) 



Kz ( z d — z ) = Fz 
Kx , Ky , Kz : X, Y, Z*ffi««tt*|fi]^BB-*"S 
X, y, z ; it^Jffi*SI*±T<07-<— hV<3/^ (X, 

Y, Z#riE#) 

xd, yd, zd ; it^Jffi«*±-e<7)ffi««^ (X. 
Y, Z*riE#) 

Fx, Fy , Fz ; /U3fei»jS«w35^4* MSlJg^ 

[0019] ftot, I^ll^±T*y7 hTcz — hffil 
ffiS:!65l-t-5&Ktt, p#s/ H<0»f1*#K:_bfB (1) - 
(3) , Ky , Kz cDfOTSr ("1^ 

[ 0 0 2 0 J ±E ( 1 ) — ( 3 ) sttt, ^ — ^5feS»jS^ 
frfrZJlFx , Fy , Fz ri*, /v^-^Kx , Ky ? 



(4) »H¥8- 2 2 7 3 2 0 

6 

• • • (3) 

[0 0 2 1 ] — ;£\ iS?»*^<OTyU^y X-fct LT&< 
£fJ ^ixTl ^5 Newton — Ee 1 e r JSfe (Luh 

(Cri^^Fx , Fy , Fz/i^, h<D^&tt(Zd^ 
5* hA-^ ri ( i = 1 , 2 • • • n ; n fctnjKj, h CO 

[0022]Newton~Eeler jfefi, CTx.fi 

10 m^tmKtt* 199 1¥5^3O0I2)S1It; p55 
~p6 5) l:itl^-e^(7)Sa}j:fl&L, IS^^tL>5 

[0023] y *y~y;v—j->x~\-$. 

20 [0 0 2 4] 

tfi] 



(5) 



2 2 7 3 2 0 



U)q =coa = 0 ; v 0 = g* = (g Xj g y> gi) z a = (O, 0, 1 ) 



L^tv711 7xV—FJl—'r> (i = l, 2 • n) 
&) : 1 :} =R; T (a>, -i 1 + z e q i ) 



(6£[Hlffi6D^) 



a>, < ; > = R, T (coiV +z 0 q; + V : - l> Xz*q;) 



v 5 (,i =Ri r (Zaqi+Vi., 11 - 51 ) +Wi ti, Xp,'+2w l (l) x (Ri T 2 B q t ) 

+ U) i c ! . J X ( CD ; 1 ; ' X p j * ) 



( 



Vi'" =u) t « • » x si 



Fi !i> =m, xvi 



+ OJi ,i) X (^i <:) XSi (;) ) tVi t; 

N, = L xcji c; » (i) xliWi^ 



[X^^>^2] /W*«7— ^> ( i = n> n-1 



1) 



f i ' !) = Ri*| f iM 



+ F; 



.Ti=ni (i) Ri T ZD4-b;qi 
r. =f Ri 1 z D fb, qi 

ni Ci> ; i-l§@(D«T«$ix^!ly^ (£JtT\ y 

>^ i - i /^^f9c ) a>e> y >^ i izR&ztiz h 

/i^ODZi fi l 4 Zi i #S^*4±{3|S*$tb 

/cM-tl^Zi ^r*^-r 0 

i ^tt: 

p. <o ; i ^ilOc^ixS^*^^ h/MZ5Zi SE^ 40 

R i ; ffi.fll*a»WT?iJ A i co^mco 3X3 fr?iJT% ©<K 
#*5, JSSI^^ifttT^lAi 12, i#B<£>*i± 

*trt:Jffi«3*Zi-l — <Offi«a»fT^IT*fcS 0 fib. ffiH 
^ ZO ttiuffiE^/Mtf ^ J:— ifr;*-**:^— <h 



[0 0 2 5] p^; Zi ^(OZi-l /SW?.a>feEi /SjS 



50 



. +•. (Pi* + s. <i ').xFi t,, + Ni ti) 

si ; Zi St^coy j (DS'biiLWt&^-tiiLWt^ 

I i : 2 i i **<D y i coa^M) 19 ^ffitt^e — ^ > h 
z 0 ; zo coztt^fBjco^s^^ h^X\ zo Jh-ett 
(o, o ? 1) tsbsiis 

Qi ; i #B<oBB«tt^«ia*T-, qi =0i (y>^ 
i <£>£ff) t LtfiP 

o>, to Ky h ; 20 z M^<o ]) >^ i (OfaiMlX.. 

IStiio NU^co-^t (1) — (3) K:t£oTffi« 

(B£ (xd -x) . (yd - y) , (zd -z) t%kh 
^$S:^t^ B 7^ — ^ Kx , Ky , Kz 
5Fx , Fy , Fz fl, iET^^lX^cf'Ofn+l 
fri " i: ' i:ffiAnbll5, fn+l <n+1> t± % Zn+1 ^y — 



(6) 



»H¥8- 2 2 7 3 2 0 



10 



[0 0 2 6] y-/u«**<OS5»S:»fc-t-aft 
■r — ^SrfrWUi U F= (Fx , Fy , Fz ) T - 

(Fx (0> , Fy<°\ Fz co >) T ir-t-tltf, fT?««J*UF 
i^cfcoT, Fx , Fy , Fz co^-^l-l^loSS^ 
fHI$n5o rJx&F = (Fx <n+1) , Fy <n+1> , * 

Kp Kv Ei =Ti 

k p ttffiityu— Kv itm&^—y^^ 

Ei (li i ©EI/^^A^^btti^o El 10 

^5 (k p , Kv »iisa:±*Wi*iico*iE^ t-7t^, # 

ttSU:K££ft4»&K:W:Kp , Kv (CftxTKpi, K 
#«KEMtt«A~ -^A^Ei liljt*^-?— *S (Hi 

[0 0 2 9] :(OEi fi, H^H^JiT^i^— tK^^20 
E = T/ (Kp Kv ) 

K±wci^e>, «-tti-o^r±iE (6) 5£-?ifc;£$n 

5Ei ^^WcofiSyu— -^Xtit-ThZ. t \z X V . *u3* 
oB8«S: (1) - (3) X~mt>£tiZ>W:&mm&±X-<o 

[0031] »c^a^(^fpffiS:%i(:i-5 0 mtjcoi^m^: 

XBl3(^t 0 0 3{-*5l>T, Kp , Kv ttfl6H-h*Wl 
. Kv KftxTKpi, Kvit-f-tbfia^r <bfiIH2(D 

m&tmmx'tbZo B2iB3wiatt, Ei zxtit 

fi^#&tt«-r5®#«6 (Kg/s ; fib. Kg tt« 
iift/i'— X^S^fh£$ix5 h/u^Ti ^SLiA^4x-5 

[0 0 3 2] r^a^ett, fcMEJift^fti^o^T 

IF I > I GR+ I S0FT-LIM THEN 
IF I < I GR- I S0FT-LIM THEN 

HlRflL^f j£ Kt*oT#*ft£>1J-~ ^ 2r « fig i~ -5 CL 

^(^(t-t-^fS^^Cfc^Tfi, Kx <h:Ky fitJtRW'h 
Kz fiJttSfW**<Je^i-5C:<!:T\ «»-&^S: 
— XKfrfc? - fc^tB5fcS. Sfc, /<yjR9*nXC: 

fiS'Jf-iSiE^Kx , Ky , Kz CO fS -ar fx £ii L- , y ift 5 50 



* F z Cn *°) T t "TiXtf , f n+l <, '* i:> = F Cn * lS & 

[0027] r. r. T\ S*Sr%iS ; g = 

(0, 0, 0) ■C±IETyu=fyXi^S:ffii,^T*febnyt 
tti^h^ri (g = 0) SrTi iri"tbtf , ^c-^&iio 

[0 0 2 8] 



• • • (5) 

ffi«*±-?<offi««^l (xd -x) , 
(zd-z) ^^bft^^ix^^^^D 



Ky , Kz t\K^ 
(yd -y) , 

jj^xm^^x&sb 



[0 0 3 0] ^B-TtLfi\ ^OEi fi % ET&ffifltS-bT- 
^7^-^Kx . Ky . Kz t?«fcS4x-5IEb^SS:l6 

^)^i:t>^*^ 0 ESr7^^: (6) t?IEi- 0 
• • • (6) 

*£>3o MitfKXffi**<oZ«iS:iaii:Ji(6]#^|piJzt 
9, Kz £/h£< (*e>*»*f4*) irt^^LTt^, ® 

ti>* yV>Kg ilSDTh/^Ti'^^t, 

[003 3] fit, -^ar^*6t?*fo$tbsw^*{c 
[0034] tr-e, y^ 7 F7d- hfliffijen^^^ 

h««6NF«wfUJco J: 9 4*JRS:K*+S 0 I SOFT-LlM^ffi 



I = I GR+ I S0FT-LIM • • • (7) 
I = I GR— I S0FT-L1M • • • (8) 

[0 0 3 5] 

fi * -7 ^ S: ftfU -f 6 ^ ^ hayea-^^foL 

r^5o f<F-^:i 6tt, h = vtr^— ^ i o^btB* 

$ 5 ^IW^ ^ tilj fflJ ft ^ S: m Si <0 -r-" v> y y u ^ — ?K IhI 



11 

— * 1 Oi^ltft/c^^tRAiVl/--ey SrSefeL-T 
[0 0 3 6] 7tt, ±®bfc^— 2R*J»SrHffi- 

air^i^, ROM. RAM*©^* jl«t«^Slx5 0 
cofcEco^- K^^^ffi, Sl<07^ K^^ffi, 

[0 0 3 7] ffiOSB^twOl ^TS§ *^hCPUl 
0l:ii/<^7>f > 1 9 HLTROM 1 1 . RAMI 

2. wi«.^y i 3. 9vnmw4 o t<D^ 
^sfxco'&m&Rti-tAtttfimw (i/o) i4, 

M2 0<f:^^-7xxf7 (I/F) 15« 
*nt^5, ROMl liCtt, ^gCQy^TA/p 
^^SW^tbSo RAM 1 hC PU 1 0 id J: 

tt^*Jl3i:tt, P*'7h3 0M^agg4 0©» 20 

[0 0 3 8] »^»fp«2 0tt, SKfiT 5 ^ (L 
CD) S^-jK-KKBS:**, T'o^^ffiiie 

ta, f*xB-t-^*e>^$|3:*HffiT-@iffiA^$ixSX Y Z 

bA7j-£;Tl£ I S0FT-LIM^)fiS^ff*tt^^-y 1 3Klf§ 
lrt$H5o 30 
[0 0 3 9] AtH^gf 1 4 fc«tt£ft5*SB3£«te. 

*nwr^<y»9y— ) *SAI±J*3S« 
1 4 lwS«£*L<5 0 

[0040] Hstt, *jR*woar^«i: LT#*bn 

ft-g-Wl , W2 tt«»^tvW*^!7 — *£*feLT 

S^tlt, !7-*W2 ^TLHLrt^*ASna o «A^ 40 
fafcfcatf s/ h □ - 7 R C 

20 c7?Z$li^^]^— ait^S %><Db-tZ>o flF^GPtt 

[0 0 4 l] Sfc, Pi , P2 tt#-«r®ai-t*4!Kif^^ p D 
^7Wf [1] RWf [2] <t LTft^Sixfcffi 

K**fe-r 0 :o<tp4«ft^pi:*jpttt t »*5>f 
vpi P2 ^jLHL^ttat&seft-rnswt^^ 

t\> ttoT, [1] [2] — C0©aftn#{zii 

» <o m t * -y- — # Ili'J ft fr TC P IS < 4 50 
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>Pl P2 IzfeoXi&hi t-fZ><DX\ #>f Kt°y 
G P^TLHL^)APt*o^iTftlt4< * 9 , »-&«c«t 
oTfi!7 — ^Wl , W2 ^utK^ K^lRIMPtftS: 

[0 0 4 2] 9crT. ^—m, «k*»f^K2 oc:ftR£ 

i¥t>*ai-ro tit, zo coxw. Ytt, ztt;^ ft org-* 

«ro^TlBffJ«c3fa^ttSrlfffiAA-t-*o A^f^^^-m 
fifi^^J- $ t an ^£fig tf*HJt $ *U A^; $ Ji £ ^ftf 

Kx - 200g/cm, Y#^"fp] ; Ky = 2 0 0 g/c 
m. Ztt?j|p];Kz = 5 0 0 g/c m^#^g;$ $^-5 

[0 0 4 3] m 7 Si. IS 5 ^^L-fcfofrS^&mft-tZ) 

7A^|^Ut^ 0 

[0 0 4 4] B16<OIijffiA^f*twEI7^»if^7 p a ^ A 
9- [1] 4-e#*fc»»»*t?»ttb, GLW&ftZtiZ. 

^tt, ^> KSrBHbTi7— ^wi imttvitmiz. m 

5Il^y7h7n-hit^CU, ^ff [2] 

ry7S iE^M-tl^EO ±«c*5*t5ffi«iB^i: 

R^Saxfc^^^— 9 (Kx , Ky , Kz ) fcrJBl^T, 
±jC*3ttS^j (Fx, Fy , Fz ) 

S2m sffxaiai^zo ±-c**e>ixfc* (Fx , f 

y , Fz ) SrasRy h^^f-^S:ffil^7^Hg 
^Zn+1 ±69^—^ (Fx (n+1) , Fy (n+1> , Fz (n+1) ) 

[0 0 4 5] II:, (Fx (n+1) , Fy (n+1J f Fz (n+1) ) 
= (fx (n+,) , fy 1 "* 1 *, fz (n+,) ) <t IT, f^ffl<7>«H 
Xt&m 1/cN ewton — Euler SCJ; 9 % ^&#(7) 
hyL-^Ti ^rff#L (^r^/S3) . Ti / (Kp K 
v ) ^A*EiSrW3*i-S (^f^/S 

4) 0 ^A^Ei ^A^f^-r^fig 
yu— ffiByi — ^UlASrAAti-SW^iaairiS 

-rs hy^^it^^4aa»s:ii*T-rntf Uf77 p s 

5 ) , m 6 (Of^mWB D<oyy h7n- htitg/j-^gffi 
S$^/c I S0FT-LIM6QTT-, fiftttKT? (7) , (8) xtcO 

wj is ^ o ^ ® si -e n * fen 5 o 

[0 0 4 6] CilCJ; *9 . !7 — ^Wl ^/JV K f > G P 



(8) 



mnW-S- 2 2 7 3 2 0 



13 

TLH L (DrtffiSrfc^a X o KTLH L OfcMfcW J ±<7X&Q 
#Cl,*-C\ nstfy h^v KSrMIJfcLT, !7 — ^Wl coffin 

[0 0 4 7] <e*5 % ±E**«t?tt, K£ffi«*±-e* 

[0 0 4 8] 

[114] *JH*W<^|ll6«T-«ffi$ix5ri*3/ 
d — 9 Sri ft Wi" 5 SSIS ^Ps/^Bt*5 0 

nasi *jH3Bw^ar^«i 

[SI 6] K2»Jffiai*_hT**?>^SSrAA-rs»^HffiS: 

[si 7] ii5{c^L,7^«^v^^?T-r^^(c]i:^M^ 
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3, 4 ^ co^Eig^Sccoxl 

5 *—*m&frh*—*&m&*i£>z>fcmfflWc 



6 1 




1 0 


hCPU 


1 I 


ROM 


1 2 


RAM 


1 3 




1 4 




1 5 




1 6 


MRAM 


1 7 




1 8 




1 9 




2 0 




3 0 




4 0 




K B 


=^r- — — K 


Kp 




Kv 




Kt 




Kg 




G P 




HL 


7L 


LCD 




PI , 


P2 ifc^S 


RC 





Wl . W2 &lb-&\,^Mgt9 — ? 



[El 1 ] 



+ - 



1 



Kp 



-50 



Kv 



K t 



4 

±••1 



1/J 9 



1/s 



(9) 



2 7 3 2 0 



[02] 




[031 




[05] 



[06] 




///////* ,r-f/fi,35V7^D-h ////////// 



1 XflOlI5+"75»^ 

3 z^ao*??*)* 



:200 g/cr 
: 2 0 0 g/cr 
: 5 0 0 g/cr 



do ) 



[0 7] 



///////^ny^A >\*7<<S// 




1 


-f ? [1 ] 1 Q OK 




2 






3 






4 


*a91r> [2] 5 Dm 


m/e • c 


5 






6 




— K *?7y 



(10) 



¥fM¥- S - 2 2 7 3 2 0 



[0 4 ] 



RC 



O,' 



*xhcpu Mo 



11- ROM 



12- RAM 



1 3- 



14' I/O 



I/F 



.1 5 



2S&RAM ~l 6 



1 7 



18 



-19 




-2 0 



-3 0 



'4 0 



[1218] 



C 



2D Jt«££ (Ki . Ky , Ki ) &b (Fx , Fy . Fx ) 



I 



S 1 



S 2 



S 3 



S 4 



S 5 



(Fx . Fv. F2 ) * (Fx (nt1) . Fy (n+,) , Fx (n+1) ) 



Newion-EulerSSifflur, bJUCTi *3jcJ6« 



I 



flMt;i/-:/A3jF. i=Ti / (KpKv) &&&& 



I 



I 



